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The invention comprises a method for forming a metal -semiconductor 
ohmic contact (18) for use in a semiconductor device (10) having a plurality 
of epitaxial layers (14a-c) wherein the ohmic contact (18) is preferably 
formed after deposition of the epitaxial layers (14a-c). The invention also 
comprises a semiconductor device comprising a plurality of epitaxial layers 
and an ohmic contact. 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7),)\ 
Description, pages: 

2-1 3 as originally filed 

1,1a with telefax of 20/09/2000 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which Is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 



Claims, No.: 



1-20 



with telefax of 



20/09/2000 



Drawings, sheets: 



1/1 



as originally filed 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1 - 


20 




No: 


Claims 






Inventive step (IS) 


Yes: 


Claims 


15 


-20 




No: 


Claims 


1 - 


14 


Industrial applicability (lA) 


Yes: 


Claims 


1 - 


20 




No: 


Claims 







2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the International application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Concerning Section I: 



1. In claim 5 it is specified that the first anneal takes place at a temperature above 
1000X to 1300°C, ie possibly at a temperature higher than 1300°C. There is no 
basis for this feature in the application documents as originally filed, contrary to the 
requirements of Article 34(2)(b) PCT. In the original application and in original claims 
5 and 12 the temperature is specified to lie between 1000°C and 1300°C. 

2. In the examination claim 5 is considered to specify a temperature between 1000°C 
and 1300°C, as in original claim 12. 



Concerning Section V: 

L Claims 1 to 7: 

1 . The article by L. SpieR et al.: "Aluminium implantation of p-SiC for ohmic contacts", 
First European Conference on Silicon Carbide and Related Materials (ECSCRM 96), 
Heraklion, GR, 6-9 October 1996, which appeared in: Diamond and Related 
Materials, vol. 6, No. 10 (August 1997), pages 1414-1419, XP002129219, Elsevier, 
CH, ISSN: 0925-9635, (= D1) describes a method of forming an ohmic contact to 
silicon carbide for a semiconductor device (cf. abstract and page 1415, section "2. 
Experimental"), the method comprising the steps of implanting at room temperature 
a selected dopant material into a surface of a silicon carbide substrate thereby 
forming a layer on the silicon carbide substrate having an increased concentration 
of dopant material, annealing the implanted silicon carbide substrate a first time, 
depositing a layer of metal on the implanted surface of the silicon carbide substrate, 
and thereafter annealing the metal and the implanted silicon substrate a second time 
at a temperature high enough to form an ohmic contact between the implanted silicon 
carbide and the deposited metal. 

2. The subject-matter of claim 1 differs therefrom in that at least one epitaxial layer of 
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a material having a lower dissociation temperature than SiC is grown on the silicon 
carbide substrate opposite the implanted surface and that the temperature of the 
second anneal lies below a temperature at which a significant degradation of the at 
least one epitaxial layer would occur. 

3. The person skilled in the art of semiconductor device fabrication has the desire to 
grow epitaxial layers on a substrate. The aim of the investigations forming the basis 
of D1 and the article by J.S. Chen et al.: "Contact resistivity of Re, Pt and Ta films on 
n-type [SPEC0803]-SiC: preliminary results", which appeared in: Materials Science 
and Engineering B, vol. 29, Nos 1/3 (1 January 1995), Elsevier Sequoia, Lausanne, 
CH, pages 185-189, XP000513498, ISSN: 0921- 5107, (= D2; cf. page 186, section 
"2.1 Deposition and annealing") is to form an ohmic contact to the SiC substrate, so 
that it is implicitly clear that epitaxial layers should be formed thereon, even if such 
layers are not mentioned in the articles. The person skilled in the art would further 
know which temperatures are damaging the epitaxial layer and choose the anneal 
temperature or the sequence of steps in this method accordingly, in particular since 
the values of the temperature specified in dependent claims 5 and 7 are known from 
document D2. 

4. As a consequence, the person skilled in the art would obtain a method with all the 
features of claim 1 by a routine combination of the teaching of D1 with the teaching 
of D2 and his general knowledge. Claim 1 is therefore not considered to meet the 
requirement of Article 33(3) PCT. 

5. The arguments of the applicants put forward in their telefax of 20 September 2000 
are not convincing. According to D1 (cf. page 1414, right column, last paragraph) 
there are three steps of implantation, anneal, and contact formation. Since the 
implantation is performed to prevent the generation of a depletion region and since 
the anneal is necessary to activate the implanted impurities, it is clear for a person 
skilled in the art that these two steps should be performed before the metal is 
deposited. The second anneal is then needed to form the ohmic contacts, and it 
appears that the name "post implantation annealing" is erroneous in D1 . The person 
skilled in te art would also conclude that two annealing steps are meant from the 
widely different temperatures of the two anneal steps. 
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6. The arguments of the applicants concerning document D2 cannot be accepted either, 
because in the cited passage of D2 (page 186, left column, first paragraph) a uniform 
doping concentration is only achieved for the first 250 nm of the SIC substrate having 
a thickness of 5000 nm. At least it does not appear to be possible to conclude 
therefrom that D2 cannot deal with substrates having an increasing dopant 
concentration. 

7. The additional features of claims 2 and 3 fall into the competence of the average 
practitioner so that also claims 2 and 3 are not considered to meet the requirement 
of Article 33(3) PCT. 

It is however mentioned here that a claim clearly specifying the sequence of steps 
"1. first anneal, 2. epitaxial growth, 3. second anneal" could be considered to involve 
an inventive step. 

8. The additional features of claims 4 and 6 are known from document D1 as well. 
Therefore claims 4 and 6 are not considered to meet the requirement of Article 33(3) 
PCT either, 

9. The additional feature of dependent claim 5 is known from document D2, so that 
claim 5 does not appear to meet the requirements of Article 33(3) PCT. 

10. The temperature of the second anneal step lies between 500°C and 900^0 
according to document D2. Since the person skilled in the art would choose the 
temperature according to circumstances, he would determine the upper boundary not 
to damage the epitaxial layers on the substrate and thus obtain a method with all the 
features of claim 7 without employment of inventive skill. Therefore claim 7 is not 
considered to meet the requirement of Article 33(3) PCT. 

11. Claims 8 to 20: 

1. Document D1 describes also a semiconductor device comprising a semiconductor 
substrate having a first and a second surface and a first conductivity type and a zone 
of Increased carrier concentration in said semiconductor substrate and extending 
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from said second surface of said semiconductor material toward said first surface, 
and a layer of metal deposited on said second surface of said semiconductor 
substrate that forms an ohmic contact at the interface of said metal and said zone of 
increased carrier concentration. 

2. The subject-matter of claim 8 differs therefrom in that at least one epitaxial layer of 
a material having a lower dissociation temperature than the substrate material is 
provided on said first surface of the semiconductor substrate. 

3. The document WO-A-98/37584 (= D3) describes a semiconductor device (cf. page 
9, line 8, to page 10, line 6, and Figs 2 and 17) comprising a semiconductor substrate 
(144) having a first surface and a second surface and a first conductivity type, at least 
one epitaxial layer (142, 146) on said first surface of said semiconductor substrate, 
whereby GaN having a lower dissociation temperature than SIC is used, and a layer 
of metal (148) deposited on said second surface of said semiconductor substrate. 

4. The person skilled in the art would at least try to improve the contact between the 
electrode and the substrate in the device according to document D3 by applying the 
method of document D1 to a SiC substrate with a reasonable prospect of success. 
Claim 8 is therefore not considered to meet the requirement of Article 33(3) PCT. 

5. The additional feature of claim 9 is known from both documents D1 and D3, so that 
claim 9 does not appear to meet the requirement of Article 33(3) PCT. 

6. The arguments of the applicants in their telefax of 20 September 2000 concerning 
the relevance of document D3 are not convincing either. A specific performance of 
the device needs a specific doping profile, however, this would be adapted to an 
improved ohmic contact by a skilled process engineer using routine optimisation 
methods. Therefore the additional features of claim 8 do not impart inventiveness. 

7. The additional features of claims 10 and 14 are known from document D1 , so that 
claims 10 and 14 are also not considered to meet the requirement of Article 33(3) 
PCT. 

8. The dopant concentrations in the substrate are apparent from document D1 (cf. Fig. 
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3) and fall into the competence of the average practitioner. Thus clainns 1 1 and 12 
are not considered to meet the requirement of Article 33(3) PCT. 

9. The material of the epitaxial layer is known from document D3, so that also claim 13 
is not considered to meet the requirement of Article 33(3) PCT. 

10. The additional features of claim 15 with respect to claims 8 and 9, from which claim 
15 is actually dependent, are the progressive decrease of the dopant concentration 
in the substrate and the use of a nickel contact on the second surface of the 
substrate. These specific choices are not evident from the available prior art, and 
therefore claim 15 is considered to meet the requirements of Article 33(2) and (3) 
PCT. 

1 1 . Claims 16 to 20 depend on claim 15 and therefore comprise all the features of claim 
15. Since claim 15 is considered to meet the requirements of Article 33(2) and (3) 
PCT, also claims 16 to 20 are considered to meet these requirements. 
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Concerning Section VII: 

1 . Independent claims 1 , 8, and 15 are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art (document D1 or D3, respectively) being 
placed in the preamble (Rule 6.3(b)(i) PCT) and with the remaining features being 
Included in the characterising part (Rule 6.3(b)(ii) PCT). 

2. Claim 15 comprises all the features of claim 8 and is therefore not appropriately 
formulated as a claim dependent on the latter (Rule 6.4 PCT). 



Concerning Section VIII: 

1 . Claims 1 1 and 12 are directed to a device, and in this context the expression "initial 
concentration" is not quite clear, because an initial value refers to a state during the 
manufacturing process which cannot be inferred from the finished device any more 
(Article 6 PCT). 
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Field of the Invention 
The present invention relates to ohmic contacts to semiconductor 



materials. In particular, the invention relates to methods of forming ohmic contacts to 
devices that include a plurality of semiconductor materials. 



10 connection of semiconductor devices. Generally speaking, semiconductor devices are 
operated by, and are used to control, the flow of electric current within specific 
circuits to accomplish particular tasks. To connect semiconductor devices in a circuit, 
appropriate contacts must be made to the semiconductor devices. Because of their 
high conductivity and other chemical properties, the most useful and convenient 

15 materials for making contacts to such devices are metals. 

Metal contacts between semiconductor devices and circuits should interfere 
either minimally or preferably not at all with the operation of the device or the circuit. 
Furthermore, the metal contact must be physically and chemically compatible with the 
semiconductor material to which it is made or attached. The types of contact that 

20 exhibit these desired characteristics are known as "ohmic contacts." 

An ohmic contact is usually defined as a metal-semiconductor contact that has 
a negligible contact resistance relative to the bulk or spreading resistance of the 
semiconductor, Sze, Physics of Semiconductor Devices^ Second Edition, 1981, page 
304. As further stated therein, an appropriate ohmic contact will not significantly 

25 change the performance of the device to which it is attached, and it can supply any 
required current with a voltage drop that is appropriately small compared with the 
drop across the active region of the device. 

Ohmic contacts and methods of producing ohmic contacts are known in the 
art. For example, U.S. Patents 5,409,859 and 5,323,022 to Glass et al. ("Glass 

30 patents"), the entire contents of which are incorporated herein by reference, discuss an 
ohmic contact structure formed of platinum and p-type silicon carbide and a method 
of making the ohmic structures. Although ohmic contacts and methods of making 
them are known, the known methods for producing ohmic contacts, and especially 



Packgrqunp of the Invpntton 



In the microelectronics context, circuits are made fi-om the sequential 
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THAT WHICH Is Claimed Is: 

1 . A method for forming a metal-semiconductor ohmic contact for a 
semiconductor device, the method comprising: 

5 implanting a selected dopant material into a first surface of a semiconductor 

substrate having a first conductivity type and wherein the implanted dopant provides 
the same conductivity type as the semiconductor substrate; 

annealing the implanted semiconductor substrate a first time at a temperature 
and for a time sufficient to activate the implanted dopant atoms and increase the 
1 0 effective carrier concentrations; 

depositing a metal on the implanted surface of the semiconductor material; and 
thereafter 

annealing the metal and the implanted semiconductor material a second time at 
a temperature below which significant degradation of any epitaxial layers placed on 
15 the substrate would occur, but high enough to form an ohmic contact between the 
implanted semiconductor material and the deposited metal. 

2. A method according to claim 1 comprising implanting the selected dopant 
material at room temperature. 

20 

3. A method according to claim 1 wherein the semiconductor substrate comprises 
silicon carbide. 

4. A method according to claim 3 wherein the selected dopant material is 
25 selected from the group consisting of nitrogen, aluminum, arsenic, phosphorous, 

boron and galliiun. 



30 



5. A method according to claim 1 wherein the first annealing is carried out at a 
temperature between about 1 000*^0 to about 1300^C. 
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6. A method according to claim 1 wherein the mfetal is selected from the group 
comprising nickel, palladium, platinum, aluminum and titanixmi. 

7. A method according to claim 1 wherein the second annealing is carried out at a 
5 temperature below about 850°C. 

8. A method for forming an ohmic contact to silicon carbide for a semiconductor 
device, the method comprising: 

implanting at room temperature a selected dopant material into a surface of a 
silicon carbide substrate thereby forming a layer on the silicon carbide substrate 
having an increased concentration of dopant material; 

annealing the implanted silicon carbide substrate a first time; 
growing at least one epitaxial layer on the silicon carbide substrate opposite 
the implanted surface; 

depositing a layer of metal on the implanted surface of the silicon carbide 
substrate; and thereafter 

annealing the metal and the implanted silicon carbide substrate a second time 
at a temperature below which significant degradation of the epitaxial layer would 
occur, but high enough to form an ohmic contact between the implanted silicon 
carbide and the deposited metal. 

9. A method according to claim 8 wherein the step of growing the epitaxial layer 
on the silicon carbide substrate precedes the first annealing of the implanted silicon 
carbide substrate. 

10. A method according to claim 8 wherein the step of growing the epitaxial layer 
on the silicon carbide substrate follows the first annealing of the implanted silicon 
carbide substrate. 



15 
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11. A method according to claim 8 wherein the selected dopant material is 
selected from the group consisting of nitrogen, aluminum, arsenic, phosphorous, 
boron and galliimi. 

5 12. A method according to claim 8 wherein the first annealing the implanted 
silicon carbide substrate occurs at a temperature between about 1 000**C to about 
1300*^0. 

13. A method according to claim 8 wherein the metal is selected from the group 
10 comprising nickel, palladium, platinum, aluminum and titanium. 

14. A method according to claim 8 wherein the step of annealing the silicon 
carbide substrate and the deposited metal occurs at a temperattire below about 850'*C. 

15 15. A semiconductor device comprising: 

a semiconductor substrate having a first surface and a second surface and a 
first conductivity type; 

at least one epitaxial layer on said first surface of said semiconductor 
substrate; 

20 a zone of increased carrier concentration in said semiconductor substrate and 

extending from said second surface of said semiconductor material toward said first 
surface; and 

a layer of metal deposited on said second surface of said semiconductor 
substrate that forms an ohmic contact at the interface of said metal and said zone of 
25 increased carrier concentration. 

16. A semiconductor device according to claim 16 wherein the semiconductor 
substrate is silicon carbide. 
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17. A semiconductor device according to claim 15 wherein the implanted dopant 
material is selected from the group consisting of nitrogen, aluminum, arsenic, 
phosphorous, boron and gallium, 

18. A semiconductor device according to claim 16 wherein the initial carrier 
concentration in the siUcon carbide is between about 1x10'^ to about 1x10^^ cm'^. 

19. A semiconductor device according to claim 18 wherein the carrier 
concentration in the zone of increased carrier concentration is between about 1x10^^ 
and about 1x10^° cm"^ and is greater than the initial carrier concentration in the silicon 
carbide, 

20. A semiconductor device according to claim 15 wherein said epitaxial layers 
are selected from the group consisting of gallium nitride; aluminum gallium nitride; 
indium gallium nitride; and oxides of silicon, galliimi, aluminum and indium. 

21 . A semiconductor device according to claim 16 wherein said metal is selected 
from the group comprising nickel, palladium, platinum, aluminum and titaniimi. 

22. A semiconductor device comprising: 

a silicon carbide substrate having a first surface and a second surface and an 
initial concentration of dopant imparting an initial conductivity type; 

at least one epitaxial layer on said first surface of silicon carbide substrate; 

a zone of increased carrier concentration in said silicon carbide substrate and 
extending from said second surface of said silicon carbide substrate toward said first 
surface, said zone of dopant material being characterized by a concentration of dopant 
that progressively decreases from said second surface toward said first surface; and 

a nickel ohmic contact on said second surface of said silicon carbide substrate. 
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23. A semiconductor device according to claim 22 wherein the implanted dopant 
material is selected from the group consisting of nitrogen, aluminum, arsenic, 
phosphorous, boron and gallium. 

24. A semiconductor device according to claim 22 wherein the initial carrier 
concentration in the silicon carbide is between about 1x10*^ to about 1x10'^ cm"^. 

25. A semiconductor device according to claim 24 wherein the carrier 
concentration in the zone of increased carrier concentration is between about 1x10'^ 
and about 1x10^** cm'^ and is greater than the initial carrier concentration in the silicon 
carbide. 

26. A semiconductor device according to claim 22 wherein said epitaxial layers 
are selected from the group consisting of gallium nitride; aluminum gallium nitride; 
indium gallium nitride; and oxides of silicon, gallium, aluminum and indium. 

27. A semiconductor device according to claim 22 wherein the semiconductor 
device is a vertical device. 



